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Abstract 

 

 

This paper examines whether accounting systems identify all the costs of environmental 
regulation. We estimate the relation between the “visible” cost of regulatory compliance, i.e., 
costs that are correctly classified in firms’ accounting systems, and “hidden” costs i.e., costs that 
are embedded in other accounts. We use plant-level data from 55 steel mills to estimate hidden 
costs, and we follow up with structured interviews of corporate-level managers and plant-level 
accountants.  Empirical results show that a $1 increase in the visible cost of environmental 
regulation is associated with an increase in total cost (at the margin) of  $10-11, of which $9-10 
are hidden in other accounts. The findings suggest that inappropriate identification and 
accumulation of the costs of environmental compliance are likely to lead to distorted costs in 
firms subject to environmental regulation. 
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ESTIMATING THE HIDDEN COSTS OF ENVIRONMENTAL REGULATION 
 

 
I.  INTRODUCTION 

Compliance with environmental regulations can significantly affect product costs in 

industries such as chemicals, paper, steel, and utilities that face stringent environmental 

regulations. This paper examines how environmental regulations affect product cost in the U.S. 

steel industry. The steel industry suffered a major decline from 1974 to 1995, with production 

falling by 58 percent. The industry blamed environmental regulations as a major reason for the 

decline.1 However the reported costs of environmental compliance constituted less than 5 percent 

of the cost of steel making, raising the question whether the reported environmental costs reflect 

the full impact of regulations. We examine if the costs identified in the accounting records as 

environmental costs capture all the environmental costs or if there are “hidden" costs associated 

with regulation that the accounting system does not identify. We estimate the magnitude of these 

hidden costs and explore their managerial implications. Our study provides a model that 

managers can use to estimate marginal costs of regulation including hidden costs, and to make 

cost-benefit tradeoffs of developing more detailed accounting systems to identify and manage 

these costs.   

Environmental regulations affect firms’ costs in several ways (White et al. 1995). Typical 

accounting systems easily identify and hence separately capture and accumulate “visible” cost of 

environmental compliance, such as installation and maintenance of pollution-control equipment 

and end-of-pipe emission treatment costs. Regulations also affect costs indirectly, by imposing 

additional constraints on firm production technology. For example, environmental compliance 

may require firms to substitute less polluting inputs for more polluting inputs, or to change the 



 

 
 

 

 

production process to limit emissions. Accounting systems often fail to identify separately the 

incremental costs of such changes, and instead include them in other cost pools. These hidden 

costs can be quite large, distorting the costs reported by the firm's costing system.2  Regulations 

can also lead to external costs to society for which firms are not currently accountable but which 

may become material in the long run, such as contingent environmental liabilities for Superfund 

sites and toxic releases.  

Prior accounting research has concluded that contingent environmental costs affect firm 

value (Barth and McNichols 1994; Blacconiere and Patten 1994; Blacconiere and Northcut 1997; 

Hughes 2000), but has generally not empirically examined whether firms' managerial accounting 

systems accurately identify all the internal costs of environmental regulation. Two exceptions are 

case studies by Epstein (1996) and World Resources Institute (Ditz et al. 1995). Epstein's 

subjective judgment, based on telephone interviews and site visits, is that most firms do not 

adequately identify and measure all environmental costs. Ditz et al. use account analysis and 

reclassify components of product cost as environmental costs. They found substantial hidden 

costs of environmental regulations for select products in nine firms. However, they do not 

estimate the extent of hidden costs in the overall accounting system at the plant level.   

 We draw on unique, confidential, plant-level data from 55 steel mills from 1979-1988, to 

study the visible and hidden costs of environmental regulations in the U.S. steel industry. We use 

a cost function to estimate the hidden costs of regulation. Unlike most of the accounting 

literature examining production costs, which assumes simpler and more restrictive forms of 

production technology, we use a translog cost function. The translog is a flexible functional form 

that does not impose a priori restrictions on scale economies or substitution of inputs in response 



 

 
 

 

 

to changes in relative input prices, technology, and regulation. We estimate a system of 

structural equations that incorporate many cost drivers, including production volume, input 

prices, technology, regulation, and their interactions.  We develop separate estimations for: (1) 

integrated mills, which produce steel from basic iron ore, and (2) mini-mills, which produce steel 

by recycling scrap. 

The results indicate that visible costs, as reported by these firms’ accounting systems, 

identify only a minor portion of the overall costs associated with regulatory compliance. For 

firms in the integrated mill sector, a $1 increase in visible environmental operating expenditure is 

associated with an increase of  $9.23 in total cost (at the margin), of which $8.23 is hidden, and 

embedded in accounts other than "regulatory costs."  Similarly, for firms in the mini-mill sector, 

an increase of $1 in the visible environmental operating expenditure is associated with an 

increase in total cost of $10.68 (at the margin), of which $9.68 is hidden.  Thus, considering only 

the visible costs of environmental regulation will seriously under estimate the effect of regulation 

on cost and profit.  

We also conducted structured interviews with corporate-level executives and plant-level 

accountants from seven steel firms to validate our econometric estimations and to gain insight 

into such questions as: are the managers aware of the large hidden costs of environmental 

regulation? What are the reasons for the large hidden costs? What types of decisions are large 

hidden costs likely to affect? We found that the managers are aware of these hidden costs but 

seriously underestimate their magnitude. The managers cited several reasons why the accounting 

system does not identify all environmental costs: difficulty in separating the environmental 

portion of the incremental costs of materials, utilities, and overheads; problems of aggregation 



 

 
 

 

 

across plants and functional departments; and complexity in separating environmental 

component of costs of process changes that have multiple objectives.  

Our finding that the steel industry suffers from large hidden costs has implications for the 

design of costing systems in industries facing significant environmental regulations. Gross 

under-estimation of hidden costs is likely to lead to sub-optimal decisions in managing these 

costs. Hidden costs may distort variance analysis, contribute to product mis-pricing, and lead to 

inappropriate product mix, plant closure, and investment decisions. Our interviews reveal 

examples of these effects. We conclude that managers have under-estimated the magnitude of 

hidden costs, and our results suggest that they should reconsider the costs and benefits of 

updating standard costing systems to better track environmental costs. 

 The remainder of this paper is organized as follows. Section II discusses the effects of 

environmental regulations on firms’ costs.  Section III presents the estimation model; Section IV 

describes the data and variables; Section V discusses the results; and Section VI concludes. 

 

II.  BACKGROUND 

Visible and Hidden Costs of Environmental Regulation 

The total current costs of environmental regulations are the sum of visible costs, which 

the accounting system easily identifies and separately tracks, and hidden costs, which the 

accounting system does not directly identify. Visible costs include costs of installing and 

operating equipment to treat released pollutants, costs of wastewater treatment, and costs of 

treating and disposing of hazardous solid waste. Most accounting systems accumulate visible 

costs into environmental cost pools, separate from other overhead cost pools. Our interviews 



 

 
 

 

 

revealed for example, that many steel firms compile separate cost pools for waste water 

treatment, remediation, hazardous waste disposal, pollution abatement capital expenditures, and 

depreciation on pollution abatement equipment. 

In addition to the visible costs of regulatory compliance, environmental regulations 

indirectly affect firms’ costs by imposing other constraints on production processes, altering raw 

material compositions, input proportions, and energy use.  For example, most integrated mills 

changed their raw material from sinters to less polluting pellets in response to more stringent 

regulation of the sintering process. Because the accounting system does not separately report the 

change in raw material cost as an environmental cost, these incremental costs due to the 

regulatory change are hidden within material costs.  Similarly, when coke-oven emission 

standards became very strict, steel firms reduced coke consumption by injecting natural gas and 

pulverized coal into their blast furnaces. As a result, firms reduced their average coke rate (i.e., 

tons of coke used per ton of raw steel produced) from 0.64 in 1975 to 0.45 in 1994, while 

increasing the use of other fuels. Many mills replaced coal with natural gas or electricity in their 

boilers and furnaces in response to the air quality regulations. The incremental costs of these 

changes are hidden under energy cost or factory overhead costs. Firms incur additional indirect 

labor costs to monitor and report emissions, and to maintain pollution control equipment. 

Environmental regulations can also increase general and administrative costs. For 

example, legal staff may be involved in regulatory activities such as obtaining permits, licenses, 

and so on. However, firms rarely report such costs as environmental costs, and instead include 

them in general and administrative overheads (Epstein 1996). Such hidden environmental costs 

cannot be completely attributed to specific transactions. Managers must use other methods to 



 

 
 

 

 

estimate hidden costs. Ditz et al. (1995) note that most firms' managerial accounting systems 

depend on discrete historical transactions and pooling of costs which can conceal and distort 

critical information on environmental and other costs.   

Field studies suggest that most firms’ costing systems fail to identify the full effect of 

regulation on cost. Epstein (1996) in an attempt to document best practices for identifying, 

measuring, monitoring and managing environmental costs, studied more than 100 companies.  

His field study concludes that most companies lack adequate systems for measuring and 

managing environmental costs; they do not separately track or accumulate environmental costs 

and most environmental costs are hidden in various overhead accounts. Hence most companies 

do not know the total costs of environmental regulation. However, Epstein (1996) does not 

provide evidence on the magnitude of hidden costs. Similarly, in Price Waterhouse's (1994) 

survey of 445 companies, 49% of the companies surveyed responded that their cost accounting 

systems do not identify all the costs of environmental compliance. 

In 1993, the World Resource Institute (WRI) conducted nine case studies exploring how 

firms account for environmental costs (Ditz et al. 1995). The case-study firms included Amoco 

Oil, Ciba-Geigy, Dow Chemical, E.I. Du Pont de Nemours, and S.C. Johnson Wax.  The studies 

are based on a review of cost and environmental information gathered through on-site interviews 

of corporate and plant-level personnel. The authors analyze cost data for one specific product 

line in each firm to illustrate environmental components in traditional product cost categories. 

For example, they separate the maintenance of pollution abatement equipment from total 

maintenance costs. The results indicate that total environmental cost for the selected product 

lines range from 2.5 percent of net sales for S.C. Johnson Wax to 22 percent of operating costs 



 

 
 

 

 

for Amoco Oil.  The total environmental cost for Ciba-Geigy and Du Pont amounted to 19 

percent of manufacturing cost.3  In all these firms, the cost accounting system identified only a 

portion of the total environmental cost as "environmental". Ditz et al. (1995) do not estimate the 

extent of hidden costs in the overall accounting system at the plant level, nor do they examine the 

effect of an increase in regulatory stringency on total cost. 

Finally, economists have concluded that environmental regulations hurt the productivity 

growth rate in the steel industry (Barbera and McConnell 1990; Gray and Shedbegian 1993).4  

 

Cost of Environmental Regulation in the U.S. Steel Industry 

Prior to 1994, the U.S. Census Bureau collected data on environmental costs in the steel 

industry and other industries in the manufacturing sector, through an annual "MA-200, Pollution 

Abatement Costs and Expenditure (PACE)” survey. The PACE surveys contain information on 

pollution abatement capital and operating expenditures classified by pollution medium (air, 

water, and land) and by cost categories (labor, material, capital, and energy) at the individual 

plant level. (The Appendix contains further details on the purpose, content, and methods of the 

PACE surveys.) 

The PACE surveys are the most comprehensive available estimates of firms’ 

environmental costs. Title 13 of the US Code requires firms to respond to the PACE survey and 

to certify that the reports are substantially accurate. The data are to be based on company’s 

accounting records and if accounting records are not available, carefully prepared estimates are 

acceptable. The reporting instructions further note that some of these estimates may require the 

joint efforts of the firms' financial and engineering staffs. In our interviews, steel firm managers 



 

 
 

 

 

indicated that the PACE survey data represent the best available internal cost data for 

environmental regulatory expenses. Managers of two large steel firms stated that they still use 

the PACE format to track environmental costs, although the Census Bureau no longer conducts 

these surveys. They also mentioned that most steel firms' environmental accounting systems are 

set up primarily to meet PACE reporting requirements. Furthermore, firms have no incentives to 

understate their environmental expenditures in PACE reports, especially when the steel industry 

has blamed environmental regulations for its decline. 

The PACE data indicate that the environmental capital expenditures for the entire U.S. 

steel industry range from a low of $0.67/Short Ton (ShT) of steel produced in 1988 to a high of 

about $6.36/ShT in 1980 (Table 1).  Environmental operating expense ranges from a low of 

$4.95/ShT in 1975 to a high of $13.84/ShT of steel produced in 1982. Total reported cost of 

environmental regulation has ranged from $8.86/ShT in 1988 to $18.94/ShT in 1980.  

                                 [TABLE 1 HERE] 

 Although the number of environmental regulations and their stringency have increased 

over time, the reported cost of environmental regulations shown in Table 1 does not increase 

monotonically. Some of the reasons include: (a) minimills which have relatively low 

environmental costs, increased their share of U.S. raw steel output from 17 percent to 39 percent 

between 1973 and 1991; (b) the closure of several mills and process units (such as sintering 

plants, beehive coke ovens, and open-hearth furnaces) with high compliance costs; and (c) 

improvement in pollution abatement technology. Furthermore, most mills could not comply 

immediately with many regulations (such as the Clean Air Act) and the steel firms negotiated 

consent decrees specifying both the time when the mill would come into compliance and the 



 

 
 

 

 

reductions it would achieve each year. Because all mills are not required to meet a specific 

regulation on a specific date, and because each steel mill found its own way to change processes 

to comply with the regulations, the visible costs of regulation do not increase uniformly. Table 1 

also shows that the cost/ton of production capacity (which purges variations simply due to 

changes in capacity utilization) reveals a similar pattern.5 

 The reported cost of compliance with environmental regulation shown in Table 1 

represents less than 5 percent of the total cost of steel production, which is clearly insufficient to 

explain the crisis in the industry. However, findings from earlier accounting and economic 

studies (Epstein 1996; Ditz et al.1995; Barbera and McConnell 1990; Gray and Shadbegian 

1993), and the claims of the steel industry that environmental regulations are a major reason for 

its decline, suggest that these reported costs may understate the true costs of regulation.  

 To study the hidden costs of regulation, we use a unique plant-level panel data set for the 

steel industry that draws on various confidential databases of the U.S. Census Bureau. We 

assume an economic model of production, where firms minimize cost, subject to the chosen 

output level, input prices, and regulatory restrictions. We estimate translog restricted cost 

functions with the visible pollution abatement operating expenditures as an index of quasi-fixed 

regulatory restriction. The parameters of the estimated cost function reveal the magnitude of the 

hidden costs of environmental regulation. We also estimate the extent of hidden costs in different 

cost pools.  We follow up with interviews of steel firm managers to validate the results, identify 

the reasons for the hidden costs, and discuss managerial implications.  

 

 



 

 
 

 

 

III. MODEL OF PRODUCTION UNDER ENVIRONMENTAL REGULATIONS 

We base our model on a standard, restricted cost function for production. We assume that 

firms minimize steel production cost (C) for given input prices, output volume, technology, and 

regulatory stringency. That is, the cost function of steel production is of the following form:6  

C = C( PL, PM, PE, PK, Y, T, R)    (1) 

where,  PL, PM, PE, and PK  are exogenously determined prices of input factors, labor, materials, 

energy, and capital,  respectively. Y represents the firm's output. T is a time trend variable 

representing technological change. R represents environmental regulatory restriction, which acts 

as an exogenous, quasi-fixed restriction on the production technology that causes a firm to 

change its combination of conventional inputs to produce output.  

 We assume that factor markets are competitive. By the mid-1970s, steel mills had 

divested most of their mining operations, and strong international markets had emerged for 

commodities such as iron ore, ore concentrates, bituminous coal, and coke. Similarly, market 

prices for scrap and electricity used by minimills are exogenous, because the number of 

minimills and suppliers of these factors is large. We assume R is exogenous because the 

regulations affecting the steel industry are technology-based standards that often contain detailed 

specifications on the control equipment. For example, the Clean Air Act required existing plants 

to install abatement equipment with “reasonably available control technology,” and new plants to 

install “lowest achievable emission rate technology” as specified by USEPA. 

The elasticity of total cost with respect to change in regulatory restriction (i.e., the 

percent change in total cost for 1 percent change in the regulatory restriction) is given by the 

partial derivative ∂lnC/∂lnR. Our model uses the reported, visible environmental operating 



 

 
 

 

 

expenditure per unit output as a comprehensive measure of environmental regulatory restriction, 

R. (Section IV details the reasons for choosing this measure). If environmental regulations have 

no associated hidden effects, then a $1 increase in the reported environmental costs should 

increase the total costs by $1. In other words, the estimated value of the regulatory elasticity, 

∂lnC/∂lnR, should equal the average share of reported environmental expenditure in total product 

costs. If there are hidden costs not captured by the reported environmental costs, then total costs 

will increase by more than $1 (i.e. the estimated ∂lnC/∂lnR will be larger than the share of 

reported environmental expenditure in total product costs). The estimated regulatory elasticity 

reveals the extent of hidden costs.7 

To operationalize the model, we must choose a functional form and then estimate the cost 

function. Prior empirical accounting studies typically assume a simple linear relation between 

product cost and volume of output, input prices, and other cost drivers. For example, Banker and 

Johnston's (1993) study of the airline industry assumes a Leontief-type production function that 

does not allow substitution among inputs. They argue that a Leontief production function is 

justified because of limited substitution among inputs in the air-transportation services industry.  

However, their model also ignores economies of scale in the determination of the overall cost.   

Steel firms are likely to substitute away from inputs that become more expensive due to 

changes in relative prices. Steel production technology also exhibits economies of scale, making 

the relation between total cost and volume nonlinear. Thus, we use a translog cost function, 

which allows economies of scale, substitutions in response to input price changes, substitution of 

inputs in response to regulation (i.e., substitution towards less polluting inputs), and interactions 

between inputs and output volume. The translog function is a second-order Taylor series 



 

 
 

 

 

approximation of an arbitrary cost function (Christensen et al. 1973). Translog is a flexible 

functional form, which does not impose any a priori restrictions on substitution elasticities or 

scale economies. Simulation analyses have found that the translog cost function outperforms 

other flexible functional forms in approximating real underlying production technology (Guilkey 

et al. 1983). We also improve the efficiency of parameter estimation by estimating the translog 

cost function along with the cost-share equations as a system of equations.8, 9  

 The translog cost function has the form: 
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where  i, j  ∈  ( L, M, E, K) 

We impose the following linear homogeneity constraints: 

 βL + βM + βE + βK  = 1                             (3) 

 Σi γij  = 0                            (4) 

 Σj γij  = 0                       (5) 

 The restrictions of linear homogeneity in input prices assure that when prices of all the 

inputs increase by a fixed percent, holding all else constant, total cost also increases by the same 

percent. 

 We also impose the symmetry conditions γij  = γji                                          (6) 



 

 
 

 

 

 By Shephard's (1970) lemma, the cost-share (Si) of input i equals the partial derivative 

∂lnC/∂lnPi. Hence, we express the cost shares of labor (SL), materials (SM), energy (SE), and 

capital (SK) as: 
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We obtain the marginal effect of regulation on cost by the partial derivative ∂lnC/∂lnR, 

where 

                      (11)lnR + T  +  lnY+lnP i 
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If the hypothesis that ∂lnC/∂lnR = 0 cannot be rejected, then regulations have no effect 

on production costs.  The parameter restrictions to test this hypothesis are 

                    βR = γLR = γMR = γER = γKR = γYR = γTR = γRR = 0                    (12) 

A positive value of ∂lnC/∂lnR indicates that regulation increases production cost, and conversely. 

The values of the parameters γLR, γMR, γER, and γKR reveal the effect of environmental 

regulations on various input cost shares. We partition the costs of regulation in various input cost 

categories using these coefficient estimates.  

We estimate the cost function in equation (2) and the four factor share equations (7) 

through (10) as a system of seemingly unrelated regression equations (SURE), by adding a 



 

 
 

 

 

stochastic disturbance term to each equation (Greene 1993, 526-531; Berndt 1996, 469-487).  

The error terms are correlated across equations because the cost shares must sum to one. SURE 

estimation improves the efficiency of parameter estimates when cross-equation errors are 

correlated. To overcome singularity of the covariance matrix (because the cost shares sum to 

one), we normalize the total cost and prices by the price of capital and delete the capital share 

equation. We use maximum likelihood procedures to estimate the resulting system, and perform 

separate estimations for the integrated mills and mini-mill samples.  

 

IV. DATA 

 Plant level data on input prices, input quantities, output, and the regulatory expenditure 

are from the Census of Manufacturers (CM), Annual Survey of Manufacturers (ASM), 

Manufacturing Energy Consumption Survey (MECS), and PACE surveys available at the Bureau 

of the Census.10  We use data from 55 steel mills, covering the period 1979 to 1988.11 We limit 

our sample to mills for which data on all variables are available. The final sample consists of 109 

observations for 29 mini-mill plants (belonging to 27 mini-mill firms), and 94 observations for 

26 integrated steel plants (belonging to 16 integrated steel firms), covering the years 1979, 1980, 

1981, 1985, and 1988. During the period of our study, a total of 89 mini-mill firms and 17 

integrated mill firms operated in the U.S. steel industry. Hence, our study covers almost the 

entire population of integrated mill firms. Our coverage of mini-mills is less complete because 

MECS and ASM databases cover only a random sample of mini-mills.  

The following sub-sections describe how we construct the variables used to estimate the 

cost function. 



 

 
 

 

 

 Price of Labor (PL): The price of labor is the average cost per employee, including 

salaries, wages, and benefits. Data on the total number of employees and total labor costs are 

from the Annual Survey of Manufacturers and Census of Manufacturers databases. 

Price of Materials (PM): Steel firms use numerous types of direct materials to produce 

steel. Coal, coke, scrap, ingots, ores, and agglomerates (pellets and sinter) account for about 85 

percent of total material costs. Annual data on total materials and parts expenditures are available 

in Annual Survey of Manufacturers.  However, only Census of Manufacturers, conducted once 

every five years, collects data on quantities in addition to expenditures on individual materials. 

We derive a composite divisia index of material price for each individual plant using the data on 

the previously mentioned seven materials for the years 1977, 1982, and 1987.12  A simple, linear 

interpolation of individual plant material price indices yielded the price indices for the 

intervening years. However, we use the actual total expenditures on materials and parts to 

calculate material cost shares in our estimation. 

Price of Energy (PE): The steel-making process consumes various types of energy, such 

as natural gas, electricity, distillate fuel oil, residual fuel oil, and liquid petroleum gas. Plant-

level fuel consumption and expenditure data are from Manufacturing Energy Consumption 

Survey for 1985 and 1988, and special energy consumption surveys conducted by the Bureau of 

the Census prior to 1985. We calculate the prices of individual fuels in $/million British thermal 

units (Mbtu) of energy paid by each plant, and derive an aggregate divisia energy price index for 

individual mills using the fuel cost shares.  

Price of Capital (PK): We use the Hall-Jorgenson (1967) procedure to calculate the 

service price of capital. Hence, 
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Where: 

PK(t)  = Service price of capital, 

qt    = Price index of new capital equipment, 

rt    = After-tax risk-adjusted rate of return on capital (opportunity cost), 

δ     =  Rate of economic depreciation, 

Xt    =  Effective property tax rate, 

ut     = Effective corporate income tax rate, 

zt      =  Present value of allowed depreciation tax deductions on a dollar's investment over 

the life time of an asset, 

kt      =  Investment tax credit, 

t        =  Year.  

This service price of capital compensates the owner of assets for the real opportunity cost 

of capital (r) and economic depreciation of the asset(δ), after adjusting for capital appreciation 

due to asset price changes (qt - qt-1,) and the tax effects. The capital stock price indices for the 

steel industry are from Gray (1987) and have been updated. We use the average after-tax yield to 

maturity of the bonds issued by the parent company as a plant's risk-adjusted opportunity cost of 

capital.  Whenever bond data were not available for a particular firm, we use the average yield 

on Moody's "Baa"  bonds for the integrated mills, and the  yield  on  "A"  bonds for the mini-

mills. This reflects the relatively lower risk of mini-mills during this period. The economic 

depreciation rates are from Hulten and Wykoff (1981). The tax rate information is from 

Jorgenson and Yun (1991) and Jorgenson and Landau (1993). 

Capital Stock: We use the perpetual inventory method proposed by Christensen and 

Jorgenson (1969) to estimate the real capital stock.13 Using data on capital additions and 

retirements from the Annual Survey of Manufacturers database, we constructed a real capital 

stock series for the period 1972 to 1989.  



 

 
 

 

 

 Output (Y): A typical steel mill produces a wide variety of products. In the Annual 

Survey of Manufacturers, steel mills report 95 separate product classes.  However, nine product 

classes account for about 95 percent of the total value of shipments.14 We weight the quantities 

(in short tons) of products by the average relative sales price of the product and then sum to 

construct a single composite output quantity index. For example, if the average price of hot 

rolled steel sheet is $300/ShT and the average price of cold rolled steel sheet is $330/ShT, then 

one ShT of cold rolled steel is considered equivalent to 1.1 ShT of hot rolled steel in our output 

measure.15 Average prices for each product class are from the annual Current Industrial Reports 

(CIR). Relative prices are with respect to the price of hot rolled sheets and strip.  

Time (T): Time T is a trend variable that allows for technological progress over the years. 

The value of T for year 1983 is set at zero, so T equals –4 in 1979, and 5 in 1988. 

Regulation (R): A measure of regulatory stringency is ideally a specific constraint on the 

production process, such as the emission limit on a particular pollutant. However, steel mills 

must comply with a large number of process-specific technology standards and emission limits, 

and the timetables for meeting different standards on process units vary. For example, the 

national emissions standards for hazardous air pollutants specify separate emission limits for six 

emission points on a coke oven. Firms can choose among four compliance tracks, each of which 

provides interim emission limits and the dates by which the firms must meet them (USITC, 

1994). But, many steel plants negotiated individual  "stretch-out" compliance time tables with 

the EPA and State agencies based on their financial situations, investment needs, and union 

pressures (Landy et al. 1990). Because it is very difficult to operationalize regulatory stringency 

in terms of specific constraints on the production process, we use annual pollution-abatement 



 

 
 

 

 

operating expenditures (including the depreciation on the pollutio- abatement capital) as a 

comprehensive measure of regulatory intensity. Environmental expenditures provide a 

reasonable proxy for regulatory pressure by aggregating realized effects of emission standards, 

legal and political battles, technical negotiations, enforcement effort, and innovation. Using 

environmental operating expenditures as the measure of regulatory intensity also allows a 

straightforward interpretation of the estimated elasticity of total costs with respect to regulation.  

Data on plant-level annual operating expenditures on pollution abatement are from the 

PACE surveys. We normalize the total expenditures by the plant output index to control for plant 

size. 

Total Cost (C): The dependent variable, total cost, is the sum of total expenditures on 

labor, total materials cost, total expenditures on fuels and electricity, and capital cost measured 

as the product of real capital stock and the service price of capital described by equation (13).  

 

V.  RESULTS 

Results from the cost function estimation 

  Parameter estimates for the translog cost functions for the integrated mills and the mini-

mills appear in Tables 2 and 3, respectively.16  Overall, the regressions are highly significant. 

The tables report estimates of all the coefficients in the system of equations. The individual 

coefficients, which estimate the first-order and second-order slopes of the cost function in the 

input-price, output, time, and regulation dimensions, have limited direct interpretation value. We 

focus on the coefficients related to the effects of regulation on cost since our primary interest is 

in estimating the hidden costs of regulation. (The other coefficients are useful for calculating 



 

 
 

 

 

substitution elasticities among various inputs, conditional input factor demand equations, scale 

effects, and the productivity growth rate.)  

[TABLES 2 AND 3 HERE] 

The elasticity of total cost with respect to regulation, evaluated at the means of the 

variables using equation (11), appears in Table 4 (Row 3). The elasticity estimates are positive, 

indicating that regulation is associated with higher total costs. The likelihood ratio test rejects the 

null hypothesis that there are no effects of environmental regulation on costs - that is, that 

∂lnC/∂lnR = 0 - for both the integrated mills (χ2 = 43.44, p<0.01) and the mini-mills (χ2 = 72.69, 

p<0.01).  The estimated elasticities are 0.3079 for integrated mills and 0.2827 for mini-mills. 17 A 

1 percent increase in regulatory stringency from its average value (as measured by the reported 

environmental operating expenditure/ShT) is associated with a 0.3079 percent increase in total 

costs at the margin for integrated mills, and 0.2879 percent increase in costs for mini-mills.  

[TABLE 4 HERE] 

These regulatory elasticity estimates indicate that hidden costs are substantial. Consider 

an integrated mill with our sample-average production cost of $360/ShT and reported 

environmental operating costs of $12/ShT (Table 4). Any increase in regulatory stringency 

causing a $1 increase in reported or “visible” environmental operating expenditures is associated 

with an increase in firms' total cost by $9.23 at the margin. However, $8.23 of the incremental 

cost of regulatory compliance is hidden under other (non-regulatory) accounts.  Similarly, for a 

mini-mill with an average production cost of $340/ShT and reported environmental operating 

expenditures of $9/ShT, a $1 increase in the visible portion of environmental regulation costs is 

associated with an increase in total cost by $10.68 at the margin, of which $9.68 is in the form of 



 

 
 

 

 

hidden costs accumulated under other accounts.  Thus, hidden costs associated with 

environmental regulation far exceed the visible costs of pollution abatement. Tables 2 and 3 also 

show that γYR has a significant positive coefficient for both the sectors. This suggests that 

increased regulatory stringency is associated with reduced levels of scale economies.  

These hidden costs are estimates at the margin. The current model does not estimate the 

average level of hidden costs. If the current average visible cost of environmental regulation in 

the steel industry is about $10/ShT, the elasticity estimates do not mean that the average total 

environmental cost is $92 to $117/ShT. The average cost is likely to be less than the estimated 

marginal cost of regulation because it is relatively inexpensive to reduce emissions initially, and 

the marginal costs of emission abatement increase as stringency increases (i.e., the marginal cost 

curve is nonlinear and rising). However, the estimates indicate that increases in regulatory 

stringency from the current levels are likely to trigger large hidden costs. 

Other estimation issues 

The estimated cost functions are not guaranteed to satisfy properties of positive fitted cost 

shares and concavity in input prices required for proper cost functions. Concavity in input prices 

ensures that, when the price of one input increases, holding everything else constant, the total 

cost does not decrease and costs increase at a decreasing rate as firms shift away from the 

relatively more-expensive input. In our estimated cost functions, all the fitted cost shares were 

positive, and concavity conditions were satisfied at about 90 percent of the data points.18 Hence 

the estimated cost function satisfies the desired theoretical properties. 



 

 
 

 

 

Output quantity can be endogenous to the model. We test for endogeneity of output in 

the cost function using the omitted variable version of the Hausmann Test19 and reject the 

hypothesis that endogeneity bias exists for both the mini-mill and the integrated mill samples.  

  Inefficiency in estimation due to serial correlation is not likely to be a problem, because 

we have a relatively large number of plants and only a few time periods, and because gaps 

between the reporting years allow any serial correlation effects to fade. Also, because our 

estimation does not include lagged dependent variables, coefficient estimates are unbiased.20   

The 55 plants in our sample represent 43 firms with no one firm contributing more than 

three sites. During our interviews, the managers of steel firms with multiple plants indicated that 

reporting for the PACE survey was decentralized at the plant level. Similarly, most of these steel 

firms' managerial accounting systems are decentralized. Hence common practices at the firm 

level do not significantly affect our estimates. 

The estimated regulatory elasticity measures the variation in total costs associated with 

variations in the reported visible environmental costs, which does not establish causality. Firms 

may incur expenses that improve quality and worker safety as well as environmental 

performance. To the extent this bundling occurs, increases in total cost associated with an 

increase in the reported visible environmental cost may not be entirely attributable to regulation, 

thereby overstating hidden costs. Conversely, if firms bundle environmental expenditures with 

productivity improvement projects, the associated increase in total cost may underestimate 

regulatory effects. Our model estimates the net effect of any such bundled expenditures. 

However, statistical analysis using data from a large number of plants over many years is likely 

to distinguish between costs that vary systematically with visible environmental expenditures 



 

 
 

 

 

and costs that were associated temporarily. Finally, the steel firm managers we interviewed 

indicated that they generally did not systematically bundle other expenditures with 

environmental expenditures.  

The model is based on contemporaneous variations in total and regulatory costs, and does 

not incorporate learning effects that may reduce hidden costs in subsequent periods. 

Extent of hidden costs in major cost pools 

 In this section, we estimate the extent of hidden costs in different types of cost pools. 

These estimations use the mean values of costs and cost shares from either the integrated mill or 

mini-mill sample. The mean cost shares of the four major input cost pools, (i.e., labor, materials, 

energy, and capital) appear in Table 5.  For example, the mean share of labor in the total cost of 

production is 28.8 percent for the integrated mills sector, and mean cost shares for materials, 

energy, and capital are 55.67 percent, 7.77 percent, and 7.76 percent respectively. 

[TABLE 5 HERE] 

 A 1 percent increase in environmental operating costs has two effects, First, it is 

associated with an increase of 0.3079 percent in total costs for integrated mills and 0.2827 

percent for mini-mills (Table 4). Second, for the integrated mills sector, it is also associated with 

a shift in the cost shares of each of the four inputs (labor, materials, energy, and capital) as 

indicated by the statistically significant parameter estimates for γLR, γMR, γER, and γKR in Table 2. 

Results suggest that for the integrated mills sector, a change in regulatory stringency that 

increases visible environmental operating costs by $1/ShT increases total costs by $9.23/ShT 

(per Tables 4 and 5), and changes the share of labor cost from 28.80 percent to 29.05 percent,21 

materials cost share from 55.67 percent to 55.26 percent, energy cost share from 7.77 percent to 



 

 
 

 

 

7.85 percent, and capital cost share from 7.76 percent to 7.84  percent.  The negative parameter 

estimate for γMR implies that the share of materials cost in the total cost declines after the 

increase in regulatory stringency, consistent with steel mills' responding to more stringent 

regulations by using materials more efficiently and cutting waste.22  

For the mini-mill sector, the parameter estimates of γLR, γMR, γER, and γKR are not 

statistically different from zero. This indicates that the cost shares of various inputs do not 

change significantly in response to an increase in regulatory stringency. Thus the cost shares of 

labor, materials, energy, and capital remain at 30.55 percent, 51.75 percent, 11.96 percent and 

5.74 percent before and after an increase in regulatory stringency. Total cost however, increases 

from $340/ShT to $350.68/ShT in response to a $1/ShT increase in the reported (visible) cost of 

environmental regulation.  

 Table 5 also reports the mean costs in various input cost pools before and after a $1/ShT 

increase in the reported (visible) cost of environmental regulations. The change in total cost less 

the visible portion of regulatory expenses indicates the costs associated with environmental 

regulation that are hidden in other cost pools. In estimating these hidden and visible costs, we 

assume that the visible cost shares of labor, material, energy and capital are the same as their 

respective shares of the total cost. For example, since labor costs are 29% of the total cost, we 

assume the labor cost share of the $1 increase in visible regulatory cost is $0.29. For the 

integrated mill sector, the increase in regulatory stringency is associated with a $3.58/ShT 

increase in labor cost, from $103.68/ShT to $107.26/ShT.  Of this $3.58 increase, only $0.29 is 

visible as an increase in regulatory labor costs. The remaining $3.29/ShT remains hidden in other 

labor cost pools. Total materials cost increases by $3.63/ShT  (from $200.41/ShT to 



 

 
 

 

 

$204.04/ShT) of which $0.55 is in the form of visible environmental material costs and the 

remaining $3.08/ShT is hidden in other materials accounts. Similarly, hidden costs for energy 

and capital are $0.93/ShT each.  

 For the mini-mill sector, the labor cost increases from $103.87/ShT to $107.13/ShT. Of 

this $3.26/ShT increase, only $0.30 is in the form of visible environment-related labor expenses. 

Environmental expenses hidden in other direct and indirect labor accounts amount to $2.96/ShT. 

Similarly, $5.01/ShT is hidden in materials cost accounts, $1.16/ShT is hidden in energy costs 

and $0.55/ShT is hidden in various capital cost pools. 

Results from telephone interviews 

 Our hidden cost estimates are high. Hence, we conducted in-depth telephone interviews 

with steel firm managers to explore the validity of the econometric estimations and to gain 

insight into the following questions: First, do the PACE survey data reasonably represent the 

data from steel firms' internal management accounting systems? Second, are managers aware of 

the large hidden costs associated with environmental regulation? Third, what are the reasons for 

the large hidden costs?  Do plant managers exercise discretion over reporting in the PACE 

surveys? Does the failure to include all costs associated with environmental regulations reflect 

managerial choices, ignorance, or a belief that a cost does not represent a regulatory cost even if 

it is associated with environmental regulation? Finally, what types of decisions are large hidden 

costs likely to be affect? 

 We contacted senior-level managers of several integrated mills and mini-mills. We 

interviewed executives from a total of seven firms, which together account for about 40 percent 

of the total domestic U.S. steel production.23  In some firms we were able to interview plant-level 



 

 
 

 

 

accountants in addition to corporate-level managers. The individual interviews lasted up to two 

hours. 

 All the managers agreed that the PACE survey data were a good representation of the 

internal accounting systems' environmental cost data. One manager stated that "...the PACE 

reports are our best available numbers. A lot of care is taken in obtaining these numbers. We still 

use the PACE survey format to keep track of environmental costs, although they are no longer 

required by the Census Bureau."  

 All managers were aware that the visible costs reported in PACE surveys and internal 

accounting systems fell short of the total cost of environmental regulation. One manager 

estimated that the total cost per ton of environmental regulations, including the hidden costs, 

could be as high as roughly $40 per ton. This is about four times the average reported 

environmental costs for the year 1998 for our sample firms that reported environmental costs in 

their 10-K statements. Another manager said he would not be surprised if the hidden costs were 

very large. Other managers' initial estimates of total costs were lower at 130 percent 200 percent 

of reported costs. However, when we asked if they had considered costs of input substitutions, 

process changes, and other specific examples of hidden costs of regulation, most had not, and as 

result became less certain of their initial estimates.    

 The managers discussed several reasons for not reporting the hidden costs. It is often 

difficult to isolate the extent to which costs (such as process changes) are attributable to 

environmental regulation rather than other productivity-improvement initiatives. One manager 

mentioned continuous casting, which has quality and productivity benefits in addition to 

environmental benefits. It would be difficult to isolate the environmental portion of the total cost 



 

 
 

 

 

of converting to continuous casting. Similarly, overhead costs (such as utility costs) may have 

several drivers. One firm reported difficulty separating the electricity costs of different 

environmental processes and equipment because the firm used one common electricity meter. 

Further, environmental control components are an integral part of most modern process 

equipment, making the separation of environmental costs difficult. We also asked whether the 

firm's accounting system reported incremental costs of switching from sinters to pellets and other 

such input substitutions as environmental costs. All the managers agreed that their systems 

would not report these as environmental costs but would instead include them in general material 

costs. Similarly, these firms did not separately track incremental costs of environmental training, 

reporting, permitting, and legal expenses. Managers also referred to difficulty aggregating across 

plants and functional areas. Most of the multi-plant firms' costing systems are decentralized to 

the plant level. The operations/production department maintains some cost records while the 

purchasing department maintains others. Detailed analysis, decomposition, and allocation of 

environmental costs requires both technical and accounting expertise. Departments often failed 

to communicate while preparing these reports.  

Technical staff at the plant level made input substitutions and changes in process 

parameters to meet emission limits, based on ad hoc cost analysis. However, changes were often 

not made to the formal cost accounting system to incorporate the incremental costs of these 

technical changes. For example, before choosing between sinters and pellets, engineers 

considered the tradeoff between increased material costs and reduced environmental costs. Their 

accounting systems however, did not track the environmental component of incremental costs 

after switching to pellets.  



 

 
 

 

 

When asked about the types of decisions likely to be compromised by hidden costs, 

most managers initially replied that it was not a major problem because these costs are 

eventually captured in the total cost of production. However, further discussions revealed that 

hidden costs can adversely affect responsibility accounting for cost variances, pricing contracts, 

product profitability analyses, and plant-closure and investment decisions.  

Determining responsibility for cost variances: Many steel plants use a standard costing 

system that compares actual performance to standard or budgeted performance. Plant managers 

are typically held responsible for material, labor, and overhead variances but not for 

environmental costs. Hidden environmental costs distort the standard costing system. Consider 

an integrated steel mill with a production of 20,000 ShT per week and visible costs of 

environmental regulation of $12.50 per ShT - that is, a total visible environmental cost of 

$250,000/week. Suppose environmental regulatory stringency as measured by the visible costs of 

regulation increases by $1 per ShT. The total increase in cost after considering hidden costs will 

be $9.23 per ShT., or $184,600. However, only $1 per ShT., or $20,000, will be visible as 

environmental cost, the remaining $164,600 will appear as unfavorable materials, labor, and 

overhead variances. The plant manager will be held responsible for these variances. If the 

increase in regulatory stringency falls outside the plant manager's control, this distorts the 

responsibility accounting systems.  

Pricing contracts: Long-term supply contracts often include adjustment clauses for 

unforeseen cost increases arising from regulatory changes. If the internal costing systems report 

only the directly traceable visible costs, hidden costs arising from changes in regulations will be 

attributed to other causes including operating inefficiency. As a result, the firm may be 



 

 
 

 

 

disadvantaged in price negotiations. In our interviews, the vice president and controller of a 

large integrated steel firm mentioned that even though costs were increasing rapidly, the firm 

was unable to negotiate price increases with customers during the 1980s, because customers 

attributed these cost increases mainly to inefficient operations.  

Product profitability analysis: The managers agreed that the stringency of environmental 

regulations and associated costs vary across products. Thus, hidden costs also differ across 

products; consequently, products with smaller hidden costs subsidize by products with greater 

hidden costs. 

Plant closure decisions: Managers indicated that a major tradeoff in determining whether 

to shut down an older steel mill is the costs of bringing the plant into environmental compliance 

so that it can continue to operate and generate cash flow versus the cost of pensions if the plant 

were shut down. If large hidden costs are associated with environmental compliance, and yet 

managers make these decisions based on only the visible costs of compliance, some mills that 

should have closed would continue to operate. Managers recalled several steel mills that spent 

large amounts to come into compliance, only to discover that they could not break-even and 

hence subsequently closed. Hidden costs of regulations may have played a role in these 

apparently dysfunctional decisions.   

Investment decisions: Current costing systems are likely to under-estimate cost savings 

from pollution prevention projects. Managers who overlook savings in hidden costs from these 

investments are likely to under-invest in such projects.  



 

 
 

 

 

Managers also need data on full costs of regulation to negotiate with regulators. Without 

accurate internal data on the total cost of regulations, firms accept regulatory agencies' cost 

estimates, which may understate costs and result in excessively stringent regulations. 

VI. DISCUSSION AND CONCLUSIONS 

 This paper empirically examines the extent to which accounting systems reveal the cost 

of complying with environmental regulation. We draw on production theory and flexible 

functional form cost estimation to gain insight into the total cost of environmental regulations. 

Analysis of the U.S. steel industry indicates that accounting systems separately identify only a 

small portion of the costs of regulatory compliance. A $1 increase in the visible costs of 

regulation is associated with a $9.23 increase in total cost (at the margin) for the integrated mill 

sector and $10.68 for the mini-mill sector. These results suggest that an increase in regulatory 

stringency would significantly increase product costs.  The associated hidden costs of regulation 

are eight to ten times the visible costs at the margin.  

Why have steel firm managers not attempted to estimate and include all the 

environmental costs in the reported costs, when firms have strong incentives to classify costs of 

regulation, to support claims that they are over-regulated? Our interviews reveal that managers 

are aware of these hidden costs. However, they often find it difficult to isolate and measure these 

hidden environmental cost components. Most steel firms still use traditional cost accounting 

systems with only a few cost pools; obtaining more detailed estimates of environmental costs 

would require a major change in the cost accounting systems. Some managers believe that 

collecting such detailed data on all regulatory costs does not pass a subjective cost-benefit test 

because these costs are captured under other cost categories, so total cost of production is not 



 

 
 

 

 

misstated. However, with marginal hidden costs eight to nine times the magnitude of visible 

costs, a more detailed environmental accounting system may generate materially different 

accounting numbers that affect decisions. However, managers did not appear to have conducted 

quantitative cost-benefit tests, consistent with Foster and Young's (1997) conclusion that few 

firms attempt to quantify the expected benefits of updating their management accounting 

systems. Our results suggest that investing in more detailed environmental costing systems may 

be justified, at least in the steel industry. 

The statistical model enables managers to estimate hidden regulatory costs and to make 

quantitative judgments about the benefits of developing more detailed costing systems. However, 

this study has several limitations. First, the estimates measure hidden costs at the margin. We do 

not estimate the average level of hidden cost, which is likely to be lower than marginal cost. 

Second, the estimated hidden costs are based on a statistical association between the variation in 

total costs and variations in the reported visible environmental costs, which does not establish 

causality. If firms systematically bundle environmental expenditures with expenses that either 

increase total cost (by improving safety or quality) or reduce total cost (through productivity 

improvements), the hidden cost estimates will be biased. Third, the model is based on 

contemporaneous variations in total and regulatory costs, and does not incorporate learning 

effects that may reduce hidden costs in subsequent periods. Fourth, the cost of regulation ideally 

is the shadow price associated with a physical constraint imposed by regulation. We use 

regulatory expenditures as a single comprehensive proxy for a complex set of emission limits 

and standards. Finally, environmental costs may also lead to hidden benefits, such as improved 



 

 
 

 

 

quality, increased consumer appeal, and lower contingent liabilities, which our estimations do 

not capture.  

Although we do not offer specific guidelines for setting up costing systems that track and 

help manage these hidden costs, recent reports by the USEPA (USEPA 1995; White et al. 1995) 

and the IMA (1996) provide an introduction to key concepts and techniques for developing 

environmental accounting systems.  

 In conclusion, environmental regulations are likely to play an increasingly important role 

in modern business. The scope and number of local, federal, and international regulations are 

rising, imposing significant costs on business. For example, USITC (1991) estimates that 

expenditures by U.S. steel producers to meet the requirements of the 1990 amendments to the 

Clean Air Act could add $17 per ton of raw steel, or more than 5 percent of the cost of 

production.  Recognition of environmental regulation as an important cost driver, and formal 

incorporation of regulatory impacts in firms’ accounting systems may be imperative for effective 

decision making. Further, regulators need to know the full costs of regulation to determine the 

best mix of regulation to benefit society as a whole. 



 

 
 

 

 

Appendix 

SURVEY OF POLLUTION ABATEMENT COSTS AND EXPENDITURES (PACE) 
This survey provides comprehensive data on pollution abatement capital expenditures, 

operating costs, and costs recovered by private industry. The United States Code, Title 13, 
authorized this survey, and required firms to respond and to certify that the response is 
substantially accurate. 

The Bureau of the Census conducted PACE surveys annually from 1973 to 1993, except 
during the year 1987. Reported data are for activity during the survey calendar year. The 
respondents include most large mining firms, selected utility (electric and gas) and petroleum 
companies, and a sample of manufacturing establishments. The sampling universe for the 
manufacturing sector covers all manufacturing establishments with at least 20 employees. The 
PACE reports were based on a mail-out/mail-back survey of about 17,000 manufacturing 
establishments, and a supplemental survey of 500 mining, petroleum, and utility establishments. 
Manufacturing establishments were selected from a panel of participants in the Census of 
Manufactures using a stratified probability procedure. Probability of selection is proportionate to 
the establishment's census value of shipments. New plants were added each year based on 
records from the Internal Revenue Service.  

The format of the PACE survey has changed over the years, but the common data elements 
were as follows: 
1. Annual operating costs for pollution abatement, including: 

a. Depreciation 
b. Labor 
c. Materials 
d. Supplies 
e. Fuel 
f. Electricity 
g. Services 
h. Equipment leasing 
i. Other costs 
 

2. Total payments to governmental (Federal, State, county, local) units for 
a. Public sewage services 
b. Municipal solid waste disposal 

 
3. Total expenditures for new plant and equipment designed to abate air pollutants through end-

of-line techniques. 
 

4. Total expenditures for changes in production process to abate air pollutants. 
 
 



 

 
 

 

 

5. Total expenditures for new plant and equipment designed to abate water pollutants through 
end-of-line techniques. 

 
6. Total expenditures for changes in production process to abate water pollutants. 
 
7. Total expenditures for new plant and equipment designed to abate solid waste pollutants 

through end-of-line techniques. 
 

8. Total expenditures for changes in production process to abate solid waste pollutants. 
 

9. Estimates of total expenditures to abate following pollutants by type of pollutant: 
 

a. Particulate 
b. Sulfur oxide 
c. Nitrogen oxide 
d. Hydrocarbons 
e. Lead 
f. Hazardous air pollutants 
g. Other pollutants 
 

 
--------------------------------------------------------------- 
Source:  U.S. Bureau of the Census information and the PACE survey form MA-200. 
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Table 1 

Reported Costs of Environmental Regulation in the U.S. Steel Industry 
(in $/Short Ton) 

 
Year Depreciation 

Expense 
Labor 

Expense 
Materials 
Expense 

Services 
Expense 

Total 
Operating 

Costs 

Capital 
Costs 

Total Reported 
Cost Per Short 
Ton Produced 

Total Reported 
Cost Per Short 

Ton of Capacity 

1975 1.11 1.10 0.13 2.61  4.95 5.14 10.09  7.68 
1976 1.22 1.20 0.09 3.26  5.77 5.04 10.81  8.75 
1977 1.51 1.44 0.09 4.07  7.10 5.42 12.52  9.82 
1978 1.71 1.64 0.28 4.15  7.78 5.01 12.79 11.10 
1979 2.01 1.87 2.32 3.20  9.40 5.93 15.33 13.45 
1980 2.79 2.61 3.36 3.82 12.58 6.36 18.94 13.78 
1981 2.79 2.66 3.19 4.42 13.06 5.12 18.18 14.23 
1982 3.76 2.73 3.20 4.15 13.84 4.17 18.01  8.71 
1983 3.22 2.15 3.42 3.73 12.52 1.95 14.47  8.13 
1984 2.42 1.78 3.91 2.22 10.33 1.18 11.50  7.87 
1985 2.73 1.92 4.35 2.65 11.65 1.59 13.24  8.75 
1986 2.69 1.73 4.02 2.26 10.70 0.97 11.67  7.44 
1988 1.36 1.46 3.34 2.02  8.19 0.67  8.86  7.04 
1989 1.41 1.55 3.95 2.75  9.66 1.72 11.38 10.15 

 

 

 

 

 

 

______________ 

Source: PACE Surveys (1975-1989). 
 

  



 

 
 

 

 

Table 2 
Estimated Hidden Costs for Integrated Mills 

Model 
Cost Function 
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Cost Function Parameter Estimates for Integrated Mills (n=94) 
 

Parameter 
Estimated 

Value 
 

Standard 
Error 

Parameter Estimated 
Value 

 

Standard 
Error 

Intercept (βO) 
Labor (βL) 
Materials (βM) 
Energy (βE) 
Capital (βK) 
Output (βY) 
Time (βT) 
Regulation  (ββββR) 
Labor×Labor  (γLL) 
Labor×Material(γLM) 
Labor×Energy (γLE) 
Labor×Capital (γLK) 
Material×Material  (γMM) 
Material×Energy (γME) 
Material×Capital (γMK) 
Energy×Energy (γEE) 
Energy×Capital (γEK) 
Capital×Capital (γKK)  
 

   13.5000** 
     0.2979**     
     0.5097 
     0.0928** 
     0.0994** 
     1.0480** 
     0.0033 
     0.3853** 
     0.0844** 
     0.0074 
    -0.0266** 
    -0.0065 
    -0.0020 
     0.0237** 
    -0.0109 
    -0.0089 
     0.0119 
     0.0643** 

0.0607 
0.0109 
0.0153 
0.0045 
0.0052 
0.0492 
0.0121 
0.0564 
0.0222 
0.0157 
0.0090 
0.0149 
0.0220 
0.0063 
0.0075 
0.0067 
0.0075 
0.0173 

 

Labor×Output (γLY) 
Material×Output (γMY) 
Energy×Output (γEY) 
Capital×Output (γKY) 
Labor×Time (γLT) 
Material×Time (γMT) 
Energy×Time (γET) 
Capital×Time (γKT) 
Labor× Regulation (γγγγLR) 
Material× Regulation (γγγγMR) 
Energy× Regulation (γγγγER) 
Capital× Regulation (γγγγKR) 
Output×Output (γYY) 
Output×Time (γYT) 
Output× Regulation (γγγγYR) 
Time×Time (γTT) 
Time× Regulation (γγγγTR) 
Regulation×Regulation (γγγγRR) 

  -0.0009 
  -0.0082 
   0.0111** 
  -0.0020 
  -0.0013 
  -0.0074 
   0.0020 
   0.0067** 
   0.0316** 
  -0.0513** 
   0.0101* 
   0.0096** 
   0.1524* 
  -0.0053 
   0.1555** 
   0.0164 
   0.0091 
   0.0577 

 

0.0090 
0.0127 
0.0038 
0.0043 
0.0034 
0.0045 
0.0014 
0.0021 
0.0094 
0.0133 
0.0040 
0.0045 
0.0647 
0.0106 
0.0423 
0.0086 
0.0113 
0.0471 

Total degrees of freedom = (mt � k) where m = number of equations, t = number of observations, and k = number of 
parameters to be estimated  =  (4 x 94 - 28) = 348. (See footnote 16 for details.) 
Years covered by the data = 1979, 1980, 1981, 1985, 1988. 
Log-likelihood = 490.92;  Log-likelihood = 36.21 (when β=0). 
R2 (Total Cost Function) = 0.89; R2 (Labor Cost Function) = 0.20; R2 (Material Cost Function) = 0.08; 
  R2 (Energy Cost Function) = 0.11. 
* significant at α=0.05  ** significant at α=0.01. 
Parameter estimates related to regulation are indicated in bold. 



 

 
 

 

 

Table 3 
Estimated Hidden Costs for Mini-Mills 

Model 
Cost Function 
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Cost Function Parameter Estimates for Mini-Mills (n=109) 
Parameter 

 
Estimated 

Value 
 

Standard 
Error 

Parameter 
 

Estimated 
Value 

Standard 
Error 

Intercept (βO) 
Labor (βL) 
Materials (βM) 
Energy (βE) 
Capital (βK) 
Output (βY) 
Time (βT) 
Regulation  (ββββR) 
Labor×Labor  (γLL) 
Labor×Material(γLM) 
Labor×Energy (γLE) 
Labor×Capital (γLK) 
Material×Material  (γMM) 
Material×Energy (γME) 
Material×Capital (γMK) 
Energy×Energy (γEE) 
Energy×Capital (γEK) 
Capital×Capital (γKK) 

   12.4020** 
     0.3225**   
     0.4936**   
     0.1116**   
     0.0722** 
     0.8275** 
    -0.0159       
     0.3789**   
     0.0621**   
     0.0118       
    -0.0425**   
    -0.0314**   
     0.0491*     
    -0.0333**    
    -0.0277**    
     0.0541**     
     0.0216*     
     0.0375**   

0.0479 
0.0095 
0.0119 
0.0035 
0.0034 
0.0321 
0.0085 
0.0468 
0.0193 
0.0178 
0.0095 
0.0106 
0.0222 
0.0063 
0.0065 
0.0109 
0.0092 
0.0136 

Labor×Output (γLY) 
Material×Output (γMY) 
Energy×Output (γEY) 
Capital×Output (γKY) 
Labor×Time (γLT) 
Material×Time (γMT) 
Energy×Time (γET) 
Capital×Time (γKT) 
Labor× Regulation (γγγγLR) 
Material× Regulation (γγγγMR) 
Energy× Regulation (γγγγER) 
Capital× Regulation (γγγγKR) 
Output×Output (γYY) 
Output×Time (γYT) 
Output× Regulation (γγγγYR) 
Time×Time (γTT) 
Time× Regulation (γγγγTR) 
Regulation×Regulation (γγγγRR) 

   0.0209* 
  -0.0290** 
   0.0122** 
   0.0203** 
  -0.0016 
   0.0009 
  -0.0026* 
   0.0034** 
   0.0057 
   0.0018 
  -0.0033 
  -0.0042 
  -0.2020** 
   0.0052 
   0.1622** 
  -0.0011 
  -0.0111 
   0.1614** 
 

0.0083 
 0.0102 
 0.0036 
 0.0034 
 0.0028 
 0.0034 
 0.0012 
 0.0014 
 0.0111 
 0.0140 
 0.0039 
 0.0040 
 0.0479 
 0.0072 
 0.0344 
 0.0057 
 0.0120 
 0.0329 

Total degrees of freedom =( mt � k) where m = number of equations, t = number of observations, and k = number of 
parameters to be estimated  =  (4 x 109 - 28) = 408. (See footnote 16 for details.) 
Years covered by the data = 1979, 1980, 1981, 1985, 1988. 
Log-likelihood = 614.54; Log-likelihood = 10.41 (When β=0). 
R2 (Total Cost Function) = 0.95; R2 (Labor Cost Function) = 0.23; R2 (Material Cost Function) = 0.04; 
R2 (Energy Cost Function) = 0.49.  
* significant at α=0.05;   ** significant at α=0.01. 
Parameter estimates related to regulation are indicated in bold. 



 

 
 

 

 

Table 4 
Estimated Effect of Regulation on Total Cost and Hidden Costs 

 
 
 

 
Integrated Mills 

 
Mini-mills 

 
Mean cost of production ($/ShT) 
 
Visible cost of environmental regulation 
($/ShT) 
 
Elasticity of total cost with respect to 
regulation, ∂lnC/∂lnR (standard errors in 
parentheses)a 

 
Increase in total cost/ShT for $1/ShT 
increase in visible cost of environmental 
regulationb  
 
Hidden regulatory cost at the margin per 
ShT for $1/ShT increase in visible cost   
 

 
360 

 
 12 

 
 

             0.3079   
             (0.0416) 

 
 

          9.23 
 
 
              

          8.23 

 
340 

 
  9 

 
 

              0.2827   
              (0.0376) 

 
 

         10.68 
 
 
  

           9.68 

 
a. We calculate the regulatory elasticity using the coefficient estimates reported in 

Tables 2 and 3 and equation (11) as follows: 
 Integrated Mills: ∂lnC/∂lnR = 0.3853 + 0.0316* lnPL - 0.0513*lnPM + 0.0101* lnPE 
+ 0.0096* lnPK + 0.1555*lnY + 0.0091T + 0.0577lnR.  
Mini-mills: ∂lnC/∂lnR = 0.3789 + 0.0057* lnPL + 0.0018*lnPM - 0.0033* lnPE -  
0.0042* lnPK + 0.1622*lnY - 0.0111T + 0.1614lnR.  
We use the mean values of lnPL, lnPM, lnPE, lnPK, lnY, and lnR in the calculations.  

b. A $1 per ShT increase in regulatory cost amounts to an increase of 8.33 percent of the 
visible regulatory costs for integrated mills (1/12 = 0.0833) and 11.11 percent of the 
visible regulatory costs for mini-mills (1/9 = 0.1111). Increase in total cost is 
calculated as (mean cost of production per ShT)×(∂lnC/∂lnR)×(Proportion of increase 
in visible cost of regulation); that is, 360×0.3079×0.0833 (for integrated mills) and 
340×0.2827×0.1111 (for mini-mills). 

 
 



 

 
 

 

 

Table 5 
Estimated Hidden Costs in Major Cost Categories 

 
 
 

Integrated Mills Mini-Mills 

Parameter Estimatesa 
Labor×Regulation (γLR) 

    Material×Regulation (γMR) 
 Energy×Regulation (γER) 
 Capital×Regulation (γKR) 

 

 
   0.0316 
  -0.0513 
   0.0101 
   0.0096 

 
NSb 
NS 
NS 
NS 
 

Average Unit Cost in Dollars (Cost Shares in 
parenthesis) 

Labor 
Material 
Energy 
Capital 

 
Total Unit Cost  

 
 
103.68 (28.80%) 
200.41 (55.67%) 
  27.97  ( 7.77%) 
  27.94  ( 7.76%) 
 
360.00 

 
 
103.87 (30.55%) 
175.95 (51.75%) 
  40.66 (11.96%) 
  19.52  ( 5.74%) 
 
340.00 

Average Unit Cost in Dollars, after a $1 per Short 
Ton Increase in Regulatory Stringencyc (Cost 

Shares in parenthesis) 
Labor 

Material 
Energy 
Capital 

 
Total Unit Cost 

 
 
 
107.26 (29.05%) 
204.04 (55.26%) 
  28.98 ( 7.85%) 
  28.95 ( 7.84%) 
 
369.23 

 
 
 
107.13 (30.55%) 
181.48 (51.75%) 
 41.94  (11.96%) 
 20.13  ( 5.74%) 
 
350.68 

Visible Increase In Regulatory Cost ( $/ ShT)  d 
Labor 

Material 
Energy 
Capital 

 
   0.29 
   0.55 
   0.08 
   0.08 

 
   0.30 
   0.52 
   0.12 
   0.06 

Hidden Costs ($/ShT)e 
Labor 

Material 
Energy 
Capital 

  

 
   3.29 
   3.08 
   0.93 
   0.93 

 
   2.96 
   5.01 
   1.16 
   0.55 

a. From Table 2 for integrated mills and table 3 for mini-mills. 
b. Not Significant (NS). 
c. Average cost shares in the post-regulatory period after a $1 per short ton increase in 

regulation (see footnote 21 for example calculation). 
d. We assume that the visible increase in each cost category is proportional to the original cost 

shares.  
e. Cost in the post-regulatory period –Cost in the pre-regulatory period – Visible costs increase 

in regulation. For example, hidden labor cost for the integrated mills sector = 107.26 - 103.68 
- 0.29 = 3.29. 



 

 
 

 

 

Notes 
 
                                                           
1 For example, in the 1979 Annual Report, the CEO of U.S. Steel Corporation notes that 
one of the reasons for the shutdown of some operations was "unrealistic environmental 
control regulations," and further, that "they certainly played a major cumulative role" in 
the shutdowns. Competition from low-cost imported steel from Japan and Korea also 
contributed to the decline. 
 
2 Hidden costs of regulation can be positive or negative. If regulations increases the cost 
of production, these hidden costs will be positive. If, however, regulations lead the firm 
to adopt more efficient production processes, costs of production may decrease. Porter 
(1991) argues that more stringent environmental regulations motivate firms to re-engineer 
their production processes and thereby improve overall productive efficiency, empirical 
research has not found that environmental regulations reduce costs. (Jaffe et al. 1995). 
 
3 Each company expressed aggregate environmental costs differently (e.g., as a 
percentage of either manufacturing costs, operating costs, or net sales), based on what 
managers thought was appropriate for their companies/industries. As the authors 
acknowledge, these numbers do not allow meaningful comparisons. 
   
4 Barbera and McConnell (1990) use aggregate industry data for five industries, including 
the steel industry, to examine the impact of environmental regulation on productivity 
growth rate. Gray and Shadbegian (1993) analyze the relation between environmental 
regulations and total factor productivity (TFP) in oil-refining, paper, and steel industries, 
by regressing the observed TFP and TFP growth rates on various measures of 
environmental regulation, such as the number of pollution inspections, emission levels, 
and compliance costs. They conclude that the adverse effect of regulations on TFP is 
more than is explained by the reported compliance costs. These studies suffer from some 
of the following limitations: (a) use of industry aggregate data, (b) pooling of data from 
integrated and mini-mills, each of which employs very different technologies, (c) 
imposition of constant returns to scale technology, and (d) the assumption that 
environmental regulation does not change the elasticity of substitution between the 
various inputs. Our approach addresses all these limitations. 
 
5 We also scrutinized the 10-K reports filed with the SEC. Only three steel firms, 
Bethlehem Steel Corporation, Inland Steel Corporation, and USX Corporation, 
occasionally reported environmental costs in their 10-K reports. The reported 
environmental operating costs for these companies ranged from $2.53/ton for Inland steel 
in 1979 to $24.25/ton for USX in 1985. None reported for all the sample years. 
 
6 Christensen and Greene (1976) and Diewart (1974) discuss the formal properties of cost 
function and its dual relationship with the production function. 
 
7 For example, consider a steel mill with a cost of production of $300/ShT and current 
visible cost of regulation of $10/ShT, or 3.33 percent of total cost of production. Suppose 
an increase in regulatory stringency causes an increase of $1 in the visible regulatory 



 

 
 

 

 

                                                                                                                                                                             
cost, to $11. If no hidden regulatory costs exist then the total cost of production also 
increases by $1/ShT, to $301/ShT. The elasticity of total cost with respect to changes in 
regulatory restriction is 0.0333, calculated as percentage change in total cost/ percentage 
change in visible cost of regulation ([1/300]/[1/10]). This is the same as the current 
proportion of visible cost to the total cost of production. Instead, suppose there are hidden 
costs of regulation of $4/ShT. Then the total cost will increase to $305/ShT, yielding an 
elasticity of regulation of 0.1667. ([5/300]/[1/10] = 50/300 = 0.1667). Alternatively, ∂ 
lnC/∂ lnR =(∂C/∂R)(R/C). If ∂C/∂R =1, then  ∂ lnC/∂ lnR=(R/C). 
 
8 Other major strengths of the translog function are: (a) one may obtain and test simpler 
functions that exhibit constant returns to scale, input neutral technical change, and so 
forth, by simple parameter restrictions on the general form, and (b) one may directly 
calculate elasticities of substitution and conditional factor demand functions from the 
estimated cost function parameters. Some of the limitations of translog functions are: (a) 
translog parameter estimates are local Taylor series approximations and hence are most 
accurate around the expansion point; (b) the estimated cost functions are not guaranteed 
to satisfy conditions of concavity in input prices and positive cost shares required of 
proper cost functions, and hence one must test the estimated cost functions for these 
regularity conditions; and (c) when production technology is very complex or when 
substitution is very easy or very difficult, inferences on the estimated elasticities are not 
robust. Refer to Guilkey et al. (1983), Byron and Bera (1983), Jorgenson and Wilcoxen 
(1990), and Berndt (1996) for further details and applications.  
 
9 Lanen and Larcker (1992) use the translog cost function to examine whether electric 
utilities' adoption of compensation contracts is related to the interaction between changes 
in the regulatory environment and the level of productive efficiency.  
 
10 These data are not publicly available and were collected while the first author was a 
Special Sworn Employee at the Center of Economic Studies, U.S. Bureau of the Census. 
Confidentiality agreements with the U.S. Bureau of the Census prohibit identifying 
individual firms.  
 
11 The Annual Survey of Manufacturers is a sample survey conducted every year, 
whereas the MECS is a sample survey conducted every three years. Hence, data are not 
available for all mills for all years. However, there was a special annual energy 
consumption survey during 1975-1981. Census of Manufacturers is conducted once every 
five years.  
 
12 Divisia price index is the sum of prices of individual components weighted by their 
cost shares. For example, if a plant paid $20/ShT for pellets and $30/ShT of sinters, and 
if pellets accounted for 40 percent of material costs and sinters 60 percent, then the 
divisia price index is (20x0.4 + 30x0.6) = $26/ShT.  Divisia index is appropriate for input 
groups that are functionally separable (i.e. inputs within the subgroup are easily 
substitutable [Varian 1992, 150]).  
 



 

 
 

 

 

                                                                                                                                                                             
13  Real capital stock in period t = Real capital stock at beginning of period (t-1) + Real 
capital stock added in period (t-1)  – Real economic depreciation for period (t-1). We 
start the capital stock series in 1972, using the book value of assets in 1972 to minimize 
the errors in real capital stock estimates due to differences in economic and accounting 
depreciation rates. 
 
14 These products are hot rolled sheet and strip (40 percent of total value), hot rolled bars 
(23 percent), cold rolled sheet and strip (15 percent), ingots and other semi-finished 
products (8 percent), pipes and tubes (4 percent), cold finished bars (2 percent), rails and 
heavy structurals (2 percent), and steel wire (1 percent).We estimated the quantity of 
other products using an average industry price. 
 
15 Such a composite index is appropriate when the relative prices of the components are 
fixed (Varian 1992, 148) and higher prices arise mainly due to increased processing 
costs. In steel mills, processes until molten steel making are common to all steel products, 
and individual product prices reflect higher processing (mostly rolling and coating) costs 
from that stage. The ratio of prices of various types of steel output relative to hot rolled 
sheet are fairly constant for the period 1972-1989, with standard deviations of less than 
5%. 
 
16 Because we are estimating a system of equations and imposing cross-equation 
parameter restrictions, the degrees of freedom available are = (mt � k) where m = number 
of equations, t= number of observations, and k = number of parameters to be estimated. 
Hence, the degrees of freedom are 348 for the integrated mills sector, and 408 for the 
mini-mill sector. Because we dropped the capital share equation, we calculate the eight 
capital-related parameters listed in Tables 2 and 3 are calculated from other parameter 
estimates using the constraints in equations (3), (4), and (5).  
 
17 We calculate the standard error of the regulatory elasticity using the variance-
covariance matrix of the estimated coefficients, because ∂lnC/∂lnR is a linear function of 
estimated coefficients. 
 
18  Even where there were violations of the concavity conditions, the eigen values of the 
Hessian matrix were very close to zero (<0.01). Given the computational complexity, we 
assume that these equal zero and hence satisfy concavity conditions.  
  
19 We use the gross state product and its growth rate in the state where the plant is located 
to create an instrumental variable for output. 
 
20 The standard Durbin-Watson test for serial correlation is not applicable because we 
estimate a system of equations with cross-equation parameter restrictions, using panel 
data with some time gaps.  
 
21 From equation (7), the change in labor cost shares is ∆SL= γLRx∆(lnR). Therefore, a $1 
increase in regulatory cost from $12 to $13 changes the labor cost share by  γLRx(ln13 - 
ln12) = 0.0316x0.08=0.0025. The new cost share of labor after the increase in regulatory 



 

 
 

 

 

                                                                                                                                                                             
stringency will be 0.288 + 0.0025 = 0.2905 (i.e., 29.05 percent). Similar calculations 
yielded estimates of changes in other input cost shares.  
 
22 For example, more stringent coke-oven regulations led to reduction in coke use from 
0.65 ton per ton of raw steel produced in 1973 to 0.45 tons/ton in 1994. Similarly, the 
yield of finished steel products/ton of raw steel produced increased from 70 percent in 
1973 to about 90 percent in 1994. 
 
23 These included one retired chief executive officer, one controller, one controller and 
vice president, one retired vice president, two managers of financial reporting, and one 
manager of environmental issues. We also talked to two plant-level accountants. Many of 
the executives we interviewed, including the CEO, had worked in other steel firms. Their 
judgment was that other steel firms' environmental accounting systems were similar. 
Hence our observations are more generally applicable.  


